Taeniasis is the intestinal tapeworm infection caused by the 3 *Taenia* species, i.e., *T. solium, T. saginata* and *T. asiatica* \[[@b1-kjp-57-3-313]\]. This cestode disease occurs worldwide, even in developed countries; however, its epidemiology differs significantly among geographical areas \[[@b2-kjp-57-3-313]--[@b4-kjp-57-3-313]\]. The distribution of human taeniasis is related to cultural practices, including the consumption of undercooked meat or organs of intermediate hosts infected with viable metacestodes \[[@b3-kjp-57-3-313]\]. A nationwide survey in Korea found that the positivity rate for taeniid eggs had decreased from 1.85% in 1971 to 0.04% in 2013 \[[@b5-kjp-57-3-313],[@b6-kjp-57-3-313]\]. Jeon et al. \[[@b7-kjp-57-3-313]\] reported that *T. saginata* accounted for 20.6% of *Taenia* tapeworms collected between 1935 and 2005 in Korea based on morphological and genetic analyses. Seven cases were diagnosed sporadically from 2006 to 2011 \[[@b1-kjp-57-3-313],[@b8-kjp-57-3-313]\] and 4 additional cases were reported with molecular data at a referral laboratory in 2013 \[[@b9-kjp-57-3-313]\]. Subsequently, there were no further reports of *T. saginata* infection, suggesting a near-virtual absence of *T. saginata* in Korea. Here, we summarize 4 cases of taeniasis caused by *T. saginata* during a 5-month period from February to June 2018 encountered at Chonnam National University Hospital, Gwangju, Korea.

As summarized in [Table 1](#t1-kjp-57-3-313){ref-type="table"}, all of 4 patients lived in Gwangju and suffered from intermittent passage of proglottids in the stool for several months. First, a 49-year-old woman visited to the hospital in February 2018 ([Fig. 1A](#f1-kjp-57-3-313){ref-type="fig"}). She had had postprandial abdominal discomfort for the previous year and noticed proglottids in her stool for 1 month. She enjoyed eating raw beef and fish, but not raw pork or liver. Routine laboratory tests showed moderate eosinophilia (9.6%; 1,000/μl) and mild pyuria (white blood cells 1+). Ova of *Taenia* species were found on stool examination using the formalin--ether concentration method ([Fig. 1B](#f1-kjp-57-3-313){ref-type="fig"}) \[[@b10-kjp-57-3-313]\]. Some proglottid segments expelled after praziquantel treatment were submitted to the Clinical Parasitology Laboratory. The segments were pressed between 2 microscope slides and examined macroscopically without staining, but the morphological characteristics such as uterine segments were not clear. A 59-year-old woman (Case 2) visited to our hospital in May 2018. She had noticed the intermittent passage of proglottids in her stool for 3 months, despite several albendazole treatments. She also enjoyed consuming raw beef and fish, but not raw pork or liver. No laboratory tests were requested except for the stool examination. Ova of *Taenia* species were found on the stool examination using the formalin--ether concentration method. We found more than 15 uterine segments filled with eggs in a proglottid pressed between 2 slides. A 61-year-old man (Case 3) also visited to our hospital in May 2018. He had been diagnosed with multiple myeloma, IgG, lambda type in October 2017 and had undergone chemotherapy followed by autologous peripheral blood stem cell transplantation in February 2018. He noticed the passage of proglottids in his stool 3 times during 1 month. He had consumed raw beef, raw cow liver, and raw fish, but not raw pork. Laboratory tests showed moderate eosinophilia (720/μl). Ova of *Taenia* species were found on stool examination using the formalin--ether concentration method. An approximately 150-cm-long segment chain was collected after treatment with praziquantel (600 mg, 3 times a day) ([Fig. 1C](#f1-kjp-57-3-313){ref-type="fig"}). We observed more that than 15 uterine segments filled with eggs in the expelled proglottids. A 51-year-old man (Case 4) visited to our hospital in June 2018 complaining of intermittent passage of proglottids in his stool for 5 months. He enjoyed raw beef, raw cow liver, or raw fish, but not raw pork. Any laboratory test was not requested except for the stool examination. A stool examination detected ova of *Taenia* species using the formalin--ether concentration method. A piece of proglottid was submitted, but was insufficient for morphological differentiation. All 4 patients were treated with praziquantel (10 mg/kg), and no ova were detected at follow-up.

To identify the tapeworm species, a partial sequence of the mitochondrial cytochrome *c* oxidase subunit 1 (*cox*1) gene was amplified from the submitted tapeworm segments. Genomic DNA was extracted from each ethanol-preserved tapeworm segment using the QIAamp DNA Mini Kit (Qiagen Hilden, Germany), according to the manufacturer's protocol, and used as a template for polymerase chain reaction (PCR) with the primers Tsag_cox1/F (5′-GAGGAAATTGTGAAGTTACTGCTA-3′) and Tsag_cox1/R (5′-ATGATGCAAAAGGCAAATAAACCT-3′) \[[@b11-kjp-57-3-313]\]. To amplify the cox1 gene, PCR was performed in 15 μl reaction mixtures containing 1 μl template, 200 μM of each dNTP, 0.2 μM of each primer, 0.3 U of Ex Taq polymerase (TaKaRa, Shiga, Japan) and manufacturer-supplied reaction buffer. The PCR cycling conditions consisted of 35 cycles of denaturation at 94°C for 30 sec, annealing at 66°C for 30 sec, and extension at 72°C for 90 sec. The PCR products were sent to Macrogen (Seoul, Korea) for direct sequencing using the PCR primers listed above. The chromatograms of both sequences were trimmed manually and assembled using SeqMan software (DNASTAR, Madison, Wisconsin, USA). Using BLAST searches, the assembled sequences, ranging in size from 1,762 to 1,791 bp, were compared Platyhelminths sequences deposited in the GenBank database. The *cox*1 PCR products amplified from expelled segments showed 99.4--99.9% identity with *T. saginata* (GenBank no. AB465246; Korea), but differed by 4% from *T. asiatica* (95.8% identity with the sequence of AB465225) and by 7% from *T. multiceps* (92.5% identity with the sequence of JX535575), respectively ([Table 2](#t2-kjp-57-3-313){ref-type="table"}). To understand phylogenetic relationships, the assembled sequences of the 4 cases were compared with those of *T. saginata* from Korea (AB465246), China (AB107239 and AB984348), Japan (AB107241), Indonesia (AB107240), Belgium (AB107242 and AY195858), Ecuador (AB107238), Thailand (AB107244), and Nepal (AB107243); with those of *T. asiatica* from Korea (AB465225), China (AB107235), Japan (AB608739), Indonesia (AB107236), Philippines (AB465229), and Thailand (AB533174); with those of *Taenia multiceps* from China (JX535570 and JX535575), respectively \[[@b11-kjp-57-3-313]--[@b13-kjp-57-3-313]\]. The phylogenetic relationships among the *Taenia* genotypes were inferred using neighbor-joining (NJ) analysis with Geneious software (11.1.3) based on Tamura-Nei genetic distance model. Bootstrap analysis was performed with 3,000 replications. The mitochondrial *cox*1 gene sequence of *Echinococcus multilocularis* (NC000928) was used as an outgroup for phylogenetic analysis of *cox*1 dataset. Our 4 sequences clustered with the *T. saginata cox*1 genes, distinct from those of both other *Taenia* species ([Fig. 2](#f2-kjp-57-3-313){ref-type="fig"}). The clustering diagram of *T. saginata cox1* gene indicated no significant genetic differentiation among different countries, although one of the 4 sequences appeared to be separated slightly.

Human taeniasis is usually diagnosed by observing ova in a patient's stool or examining gravid proglottids. All of the patients in this study visited the hospital because of passage of tapeworm proglottids in the feces. Morphological identification is essential, but it requires expertise and experience to identify *Taenia* species accurately. Moreover, observation of the uterine structure can be ambiguous when the specimen is not fresh \[[@b9-kjp-57-3-313]\]. *T. asiatica* can be misidentified as *T. saginata* because of their morphological similarity without molecular analysis \[[@b7-kjp-57-3-313],[@b9-kjp-57-3-313]\]. We correctly differentiated *T. saginata* from *T. asiatica* by direct sequencing of the *cox1* gene. Furthermore, we found that tapeworms in Cases 2 and 3 had exactly the same sequences, but differed from those in Cases 1 and 4, suggesting intra-species variation in tapeworms. Little is known about genotype of *T. saginata* obtained from Korean patients. Anantaphruti et al. \[[@b14-kjp-57-3-313]\] found 14 haplotypes among 73 *T. saginata* isolates in Thailand by partial *cox1* sequencing (924 bp): haplotype A was the major one (52.1%), followed by haplotype B (21.9%). Our Cases 1 and 4 seem to be haplotype A, while Cases 2 and 3 were new haplotype (A12G and C194T, compared to haplotype B). Jeon et al. \[[@b13-kjp-57-3-313]\] performed partial nucleotide sequencing of mitochondrial *cox1* and ITS2 of *Taenia* specimens from Korean collections obtained over 70 years and found that *T. asaitica* accounted for 3-quarters of all *Taenia* infections, and that there was no significant intra-species variation in tapeworms. Recently, human infections caused by hybrid infection with *T. saginata* and *T. asiatica* tapeworms in Laos were identified by sequencing the DNA polymerase delta region \[[@b4-kjp-57-3-313]\]. Although we could not perform this, further study may be necessary to understand genetic variation using both mitochondrial and nuclear DNA.

Human taeniasis has virtually disappeared during the past 2 decades in Korea, although a few sporadic cases may be hidden, or the exact prevalence may be underestimated. It is noteworthy that our 4 cases occurred within a limited area and a short time period. This suggests the possibility that cattle harboring *T. saginata* metacestodes may be present in Korea. Little has been reported about the current epidemiology on *Cysticercus bovis* in cattle, although the positive rates of 5.1--37.6% were reported from 1924 to 1943 \[[@b15-kjp-57-3-313]--[@b17-kjp-57-3-313]\]. Very recently, the Health and Environment Research Institute of Gwangju investigated the seroprevalence of cysticercosis in 213 serum samples collected from 2 slaughterhouses in Gwangju from April to July 2017 using an enzyme-linked immunosorbent assay (ELISA). A single sample obtained from a beef cattle farm with more than 100 cows in Jeollanam-do was positive for cysticercosis. ELISA is more sensitive than classical meat inspection techniques for identifying cattle infected with cysticerci \[[@b18-kjp-57-3-313]\]. Although we could not track the exact origin of the raw beef in this study, further inspection may be helpful to clarify whether the lifecycle of *T. saginata* persists in nearby Jeollanam-do. Infection caused by imported beef or the past infection are also possible, other than domestic mini-outbreak. Nevertheless, clinician should be aware of this overlooked parasitic infection considering the traditional habit of ingesting undercooked beef in Korea. Our findings also suggest the need for further epidemiological evaluation of *T. saginata* infection in Korea.
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![Summary on 4 taeniasis saginata cases. (A) Four taeniasis cases occurred in the first half of 2018. An open circle indicates first proglottid passage; a closed circle indicates hospital visit. (B) An egg of *Taenia* detected from a case. (C) Segmented strobila 150 cm long, from Case 3.](kjp-57-3-313f1){#f1-kjp-57-3-313}

![A phylogenetic tree drawn based on *cox*1 sequences of taeniid tapeworms collected in this study and retrieved from GenBank. Accession numbers are indicated. Scale bar indicates a sequence distance of 0.02 nucleotide substitutions per site.](kjp-57-3-313f2){#f2-kjp-57-3-313}

###### 

Summary of the case presentations of human taeniasis caused by *Taenia saginata* during a 5 months, 2018 at a university hospital, Gwangju, Korea

  Case No.   Age   Sex   Chief complaint                                  Stool examination                                                 Food history                   Laboratory findings                                                                                                 Previous treatment (times)   Current treatment
  ---------- ----- ----- ------------------------------------------------ ----------------------------------------------------------------- ------------------------------ ------------------------------------------------------------------------------------------------------------------- ---------------------------- -------------------
  Case 1     49    F     Chronic abdominal discomfort (1-year duration)   Ova of *Taenia* species (+) and some segments                     Raw beef and fish              Eosinophilia (1,000/μl)                                                                                             ALB (2)                      PRZ
  Case 2     59    F     Presentation of segments in stool                Ova of *Taenia* species (+) and some segments                     Raw beef and fish              Not submitted                                                                                                       ALB (several)                PRZ
  Case 3     61    M     Auto-PBSCT status due to multiple myeloma        Ova of *Taenia* species (+) and 150 cm long chain with movement   Raw beef, cow liver and fish   Eosinophilia (720/μl), Specific IgG for *C. sinensis*/*Paragonimus westermani*/ Sparganum/Cysticercosis (−/−/−/−)   None                         PRZ
  Case 4     51    M     Presentation of segments in stool                Ova of *Taenia* species (+) and some segments                     Raw beef, cow liver and fish   Not submitted                                                                                                       ALB (3)                      PRZ

ALB, Albendazole; PBSCT, peripheral blood stem cell transplantation; PRZ, praziquantel.

###### 

Comparison of *cox*1 sequences of the submitted proglottids with those of human *Taenia* tapeworms

  Species          Accession No.   Host      Collection time   Country                                        Matched base pairs (%) to the sequences of                                                                  
  ---------------- --------------- --------- ----------------- ---------------------------------------------- -------------------------------------------- -------------------- -------------------- -------------------- -------------------------
  *T. saginata*    AB465246        Human     2002--2005        South Korea                                    1,619/1,620 (99.9)                           1,611/1,620 (99.4)   1,611/1,620 (99.4)   1,616/1,620 (99.8)   \[[@b11-kjp-57-3-313]\]
                   AB107244        Human     2003              Thailand                                       1,619/1,620 (99.9)                           1,611/1,620 (99.4)   1,611/1,620 (99.4)   1,616/1,620 (99.8)   \[[@b12-kjp-57-3-313]\]
                   AB107240        Human     2003              Indonesia                                      1,618/1,620 (99.9)                           1,610/1,620 (99.4)   1,610/1,620 (99.4)   1,614/1,620 (99.6)   \[[@b12-kjp-57-3-313]\]
                   AB107242        Mice      2003              Belgium                                        1,618/1,620 (99.9)                           1,610/1,620 (99.4)   1,610/1,620 (99.4)   1,615/1,620 (99.7)   \[[@b12-kjp-57-3-313]\]
                   AB107238        Human     2003              Ecuador                                        1,618/1,620 (99.9)                           1,612/1,620 (99.5)   1,612/1,620 (99.5)   1,615/1,620 (99.7)   \[[@b12-kjp-57-3-313]\]
                   AB107239        Unknown   2003              China                                          1,617/1,620 (99.8)                           1,609/1,620 (99.3)   1,609/1,620 (99.3)   1,614/1,620 (99.6)   \[[@b12-kjp-57-3-313]\]
                   AB984348        Human     2014              China                                          1,617/1,620 (99.8)                           1,609/1,620 (99.3)   1,609/1,620 (99.3)   1,614/1,620 (99.6)   Unpublished
                   AB107243        Human     2003              Nepal                                          1,617/1,620 (99.8)                           1,609/1,620 (99.3)   1,609/1,620 (99.3)   1,614/1,620 (99.6)   \[[@b12-kjp-57-3-313]\]
                   AB107241        Human     2003              Ethiopia, expelled after treatment in Japan    1,615/1,620 (99.7)                           1,607/1,620 (99.2)   1,607/1,620 (99.2)   1,612/1,620 (99.5)   \[[@b12-kjp-57-3-313]\]
                   AY195858        Human     2005              Belgium, originated in Africa                  1,615/1,620 (99.7)                           1,607/1,620 (99.2)   1,607/1,620 (99.2)   1,614/1,620 (99.6)   \[[@b13-kjp-57-3-313]\]
                                                                                                                                                                                                                          
  *T. asiatica*    AB465225        Human     2002--2005        South Korea                                    1,552/1,620 (95.8)                           1,552/1,620 (95.8)   1,552/1,620 (95.8)   1,552/1,620 (95.8)   \[[@b11-kjp-57-3-313]\]
                   AB107235        Mice      2003              China                                          1,552/1,620 (95.8)                           1,552/1,620 (95.8)   1,552/1,620 (95.8)   1,552/1,620 (95.8)   \[[@b12-kjp-57-3-313]\]
                   AB608739        Human     2010              Japan                                          1,551/1,620 (95.7)                           1,551/1,620 (95.7)   1,551/1,620 (95.7)   1,551/1,620 (95.7)   Unpublished
                   AB107236        Mice      2003              Indonesia                                      1,551/1,620 (95.7)                           1,551/1,620 (95.7)   1,551/1,620 (95.7)   1,551/1,620 (95.7)   \[[@b12-kjp-57-3-313]\]
                   AB465229        Human     2002--2005        Philippines                                    1,550/1,620 (95.7)                           1,550/1,620 (95.7)   1,550/1,620 (95.7)   1,550/1,620 (95.7)   \[[@b11-kjp-57-3-313]\]
                   AB533174        Unknown   2009              Thailand                                       1,550/1,620 (95.7)                           1,550/1,620 (95.7)   1,550/1,620 (95.7)   1,550/1,620 (95.7)   Unpublished
                                                                                                                                                                                                                          
  *T. multiceps*   JX535570        Unknown   2012              China                                          1,501/1,623 (92.5)                           1,502/1,623 (92.5)   1,502/1,623 (92.5)   1,499/1,623 (92.4)   Unpublished
                   JX535575        Unknown   2012              China                                          1,501/1,623 (92.5)                           1,501/1,623 (92.5)   1,501/1,623 (92.5)   1,498/1,623 (92.3)   Unpublished
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